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© Method for the manufacture of drug permeable materials. 

© In the present invention, a mixture of a curable silicone rubber and a hydrous polyvinyl alcohol (hereafter 
"hydrous PVA"), is subjected to a treatment which cures the silicone rubber and causes low temperature <ie, 
below -5°C) gelation of the hydrous PVA. The resultant permeable materials are used to manufacture drug 
delivery systems, which systems may be of the transdermal drug delivery type or of a type which is implanted 
either subcutaneously or in a body cavity. 
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METHOD FOR THE MANUFACTURE OF DRUG PERMEABLE MATERIALS 



The present invention relates to a method for the manufacture of drug-permeable materials used in a 
drug delivery system and are suitable for the formation of such systems which can release drugs gradually 
over time. Such systems may be of the transdermal drug delivery type or of a type which is implanted 
either subcutaneously or in a body cavity, 
s At present typical drug-administering agents that allow gradual release of drugs over time can be 

divided into two groups, the so called matrix type consisting of a base material mixed with the drug, and the 
so-called reservoir type in which a separate drug reservoir layer is covered by a drug permeable polymeric 
material. 

In recent years, silicone rubbers have been used as drug permeable materials in such systems 
iq because silicone rubbers generally have high affinity for many drugs and excellent drug permeability, while 
avoiding unwanted effects on the human body. 

However, a drug permeable material consisting of a silicone rubber, while exhibiting excellent per- 
meability or reusability with oleophilic drugs, does not usually show good permeability or drug reieasabil- 
ity to hydrophilic drugs. 

rs In the effort to promote the permeability or reieasability of silicone rubber drug permeable materials 
with hydrophilic drugs, the addition of hydrous water-soluble additives has been attempted. Examples of 
such proposals are seen in Japanese Kokai Patents Nos. Sho 59[1984]-44310, Sho 59[1 9841-1 0431 4 and 
Sho 60[1985]-123416. 

In these techniques, however, the addition of water soluble additives compromises or decreases the 
20 desirable characteristics of silicone rubbers. These techniques, therefore, do not necessarily offer satisfac- 
tory drug-permeable materials. 

in addition, the drug permeable materials to which water soluble additives have been added tend to 
have increased volumes because the water soluble additives absorb water. When a drug administering 
agent with such a drug permeable material is implanted in a patient's body, this swelling of the drug 
25 administering agent can create pressure against the affected tissues or organs. 

An object of the present invention is to offer a method for easily manufacturing excellent drug 
permeable materials free from the above stated problems and which can be used as the base materials for 
matrix type drug administering agents, or for forming a drug permeable layer of reservoir type drug 
administering agents. 

30 In the present invention, a mixture of a curable silicone rubber and a water-containing polyvinyl alcohol 
(hereafter "water-containing PVA"), is subjected to a treatment which cures the silicone rubber and causes 
low temperature (ie, below -5°C) gelation of the water-containing PVA. The resultant permeable materials 
are used to manufacture drug delivery systems. 

The drug permeable material manufactured by the abovementioned method consists of a homogenous 

35 mixture of a water-containing gel of PVA, which has been crystallized and geiated by a low temperature 
treatment, and a cured silicone rubber. Because the water-containing gel of PVA contains a large quantity of 
water, the material exhibits excellent permeability or reieasability of drugs even when the drugs are 
hydrophilic. In addition, because the PVA has been crystallized with a low temperature treatment the 
silicone rubber, not having been exposed to the unfavorable effect of the water in PVA, retains most of its 

•w desirable characteristics. Furthermore, the material does not experience a volume increase during use. 

A further advantage of the materials of this invention is that control of the degree or rate of the release 
of a hydrophilic drug can be achieved by adjusting the proportion of the water-containing PVA gel present 
in the composition. 

The above stated excellent effects of the present invention may be explained in the following manner. 

45 The hydrous PVA gel dispersed in the silicone rubber constitutes channels that transfer the hydrophilic drug 
at a high efficiency, thus providing a high drug permeability. In addition, because the hydrous PVA gel has 
been crystallized at a low temperature, the water contained in the gel does not affect the silicone rubber in 
an unfavorable manner. 

The present invention will be explained more specifically below. 

so In a typical example of the present invention, an aqueous solution of PVA is prepared by dissolving 
PVA powder in water at high temperature using an autoclave, for example. The aqueous solution of PVA is 
added to a curable silicone rubber and mixed. After further addition and mixing of the silicone rubber, 
curing agent and some other additives as required, a composition is prepared. The additives to be used 
here may be surfactants, water soluble additives, and others. Next, the composition is subjected to a 
silicone curing treatment to cause the silicone rubber component to be crosslinked. In addition, by 
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subjecting the whole composition to a low temperature treatment, the hydrous PVA is gelated in such a way 
S5TcSJ!S»d hydrous gel is formed. As the result of these treatments, a drug permeable matenal « 

0btffl The"drug permeable material of the present invention is suitable for producing a drug administering 
material If the drug permeable material of the present invention is to be used as the base of a matrix type 
drug administering'agent. the drug can be mixed with the mixture of PVA and silicone rubber before hey 
are cured and low temperature gelated. In this case, the drug is contained m the base matenal m a 
dispersed state or dissolved state. 

In carrying out the above process, any of various curable silicone rubbers may be used. However 
considering the low heat resistance of drugs, it is desirable that a room temperature curable s.l.cone , rubber 
shouS be adopted. The specific examples of such silicone rubbers may be add.fton poymer.zat.on type 
miUable silicone rubbers, addition polymerization type liquid silicone rubbers, dealcoholat.ng «M 
reaction type liquid silicone rubbers, and others. However, the types of silicone rubbers are not l.m.ted to 

th8$ An e y PV P A le with a degree of polymerization of 1000 or higher, and a degree of saponification of 95 mol 
per cent or higher can be used in the method of this invention with favorable results. The water<onta.n.ng 
PVA gel should have a water content within a range of 70% to 95%. or preferably 80% to 90%. If the water 
content is lower than 70%. a good drug permeability may not be obtained with hydroph.hc drugs 

With regard to the drugs any of them may be used with the drug permeable matenals of the presen 
invention wrthout requiring particular limitations. Although the drug permeable matenals of the present 
Invention show excellent permeability with hydrophilic drugs, they also show good permeab.hty w.th 
oleoDhilic druqs, and are able to be used with them. 

?he specie examples of the hydrophilic drugs with which the drug-permeable matenals of the present 
invention can be used with favorable results are as follows: 

Cough suppressants: 

Codeine phosphate, dihydrocodeine phosphate, ephedrine chloride, dextromethorphan hydrobromide. 

30 etc. 

Narcotics and analgesics: 

Morphine hydrochloride, oxycodone hydrochloride, hydromorphone hydrochloride, naloxone hydrochlo- 
ride, meperidine hydrochloride, and others. 

Analgesics and antipyretics: 

Aspirin, phenacetin, sodium salicylate, acetaminophen, antipyrine, aminopyrine, and others. 

Analgesics and anti-inflammatories: 

indomethacin, oxyphenbutazone. salicylic acid, ibuprofen. mefenamic acid, ketoprofen. flufenamic acid, 
acetaminophen, phenylbutazone, and others. 

so Antihistamines: 

Diphenhydramine hydrochloride, pheniramine maleate, chlorpheniramine maleate, and others. 

55 Sedatives and tranquilizers: 

Bromodiethylacetylurea, chlorpromazine hydrochloride, thioridazine hydrochloride, acepromazine mal- 
eate, meprobamate, imipramine hydrochloride, diazepam, and others. 



35 



40 



45 



BNSDOCID: <EP 0326278A1 J_» 



EP 0 326 278 A1 



Antidepressants: 

Imipramine hydrochloride, amitriptyline hydrochloride, and others. 

5 

Hypnotics: 

Phenobarbital sodium, amobarbitai sodium, barbital sodium, and others. 

70 

Anticholinergics (drugs to control motion sickness): 

Scopolamine hydrochloride, promethazine hydrochloride, and others. 

75 

Anticonvulsants and antiepileptics: 

Ethotoin. trimethadione, ethosuximide, and others. 

20 

Antibiotics: 



Penicillin, fradiomycin sulfate [neomycin bisulfate], erythromycin, chloramphenicol, tetracycline gen- 
tamicin, and others. . ' y 

25 

Antiseptics and antimicrobials: 

Benzaikonium chloride, nystatin, nitrofurazone, N'-acetylsulfanilamide. and others 

30 

Anesthetics: 

lidocaine hydrochloride, dibucaine hydrochloride, procaine hydrochloride, and others. 

35 

Antiarrhythmics: 

Quinidine sulfate, procaine hydrochloride, lidocaine hydrochloride, and others 
Antihypertensives: 

Clonidine hydrochloride, propranolol hydrochloride, oxyprenoiol hydrochloride, alprenolol hydrochloride, 
45 bupranolol hydrochloride, and others. 

Antiglaucoma agents: 
so Pilocarpine hydrochloride, and others. 

Vitamins: 

55 Riboflavin phosphate, ascorbic acid, thiamine hydrochloride, pyridoxine hydrochloride, and others. 
Diuretics: 
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Acetazolamide, hydrochlorothiazide, and others. 

In the process preparing the drug permeable material of the present invention, the silicone rubber and 
hydrous PVA can be mixed by any mixing means desired. The curing of silicone rubber should be earned 
out under the conditions as required by the type of silicone rubber employed, such as in a saturated steam 
5 below 100.C, in a room temperature atmosphere, or under other conditions depending on the particular 
curing system employed. It is generally favored that the silicone rubber should contain a curing catalyst. 
Examples of such catalysts are platinic chloride and other platinum compounds, tin compounds such as 
stannous octoate stannous oleate. or dimethyltindireodecanoate. carboxylic acid metal salts, and others. 
The low-temperature gelation of water-containing PVA is usually carried out by a freez.ng treatment of 
o the composition at temperatures below- -5* C for 5 or more hours and by the leaving of the composition at 
temperatures below 10* C for the next 10 or more hours. This low temperature treatment results in the 
crystallization and gelation of the PVA. eh n,.iH 
In the composition consisting of hydrous PVA and silicone rubber, the amount of hydrous PVA should 
constitute 5 to 50 weight per cent, or preferably 10 to 30 weight per cent of the sum of the hydrous PVA 
rs and silicone rubber. If the amount of the hydrous PVA is less than 5 weight per cent of the sum of the 
hydrous PVA and silicone rubber, the resultant drug permeable material will have a low permeability or 
reusability of hydrophilic drugs, thus making it difficult for the material to meet the proposed effect 
requirements satisfactorily. The upper limit of the amount of the hydrous PVA cannot be set specifically 
because it should vary depending on the type of the drug, the desired drug releasing rate, and other 
to factors. In general, however, if the percentage of the hydrous PVA in the sum of the PVA and silicone 
rubber exceeds 50 weight per cent, the initial release of the drug will become conspicuously high. In 
addition because of the relative increase in the moisture content, the drug-administering agent will release 
much moisture during storage. The resulting excessively high viscosity of the agent can then affect the 
workability of the agent at the time of the component mixing. 
25 In the preparation of the hydrous PVA/silicone rubber composition, there is no particular restr.ct.on as to 
which of the two treatments, the silicone rubber curing treatment or the hydrous PVA low temperature 
treatment, should precede the other. It is allowable that the curing of silicone rubber should be carried out 
after the low temperature treatment of PVA. However, in that particular case, sometimes sil.cone rubber 
curing may not proceed smoothly. For this reason, it is preferable that the curing of the silicone rubber 
30 precedes the low temperature treatment of hydrous PVA. 

EXAMPLES 

35 The application examples of the present invention will be explained below. These examples, however, 
are illustrative and by no means limit the present invention, 
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Example 1_ 

A PVA powder, degree of polymerization 1750, degree of saponification 99.5 mol% or higher was 
dissolved in an autoclave at a temperature of 120* C for 20 minutes to obtain an aqueous solution of PVA 
with a water content of 85%. Then, 20 g of the obtained aqueous solution of PVA were m.xed with 80 g of 
the "Silastic (R) 382 medical grade elastomer" a room- temperature curing- type silicone rubber elastomer 
Next. 200 mg of Yellow 5 dye as a substitute drug and 0.5 g of the catalyst M for the elastomer were added 
and mixed with the mixture to obtain a composition. 

This composition was then press molded into a sheet 1 mm thickness. It was cured by being left at 
room temperature for a day. Later, it was frozen at -20* C for 10 hours, and then left at 2 C for 10 hours so 
that a sample could be obtained by the crystallization and gelation of the PVA. 

Example 2 

A sample was prepared by repeating the process of Example 1. except that 20 g of the aqueous 
solution of PVA with a moisture content of 85% were replaced by 20 g of PVA with a moisture content of 
90%. 
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Comparative Example 1 

A sample was prepared by repeating the process of Example 1 except that 20 g of the aqueous 
solution of PVA were replaced by 20 g of lactose to obtain a sample. In this example, however, low 
5 temperature treatment was not carried out {as it was not in all the following comparative examples). 



Comparative Example 2 

A sample was prepared by repeating the process of Example 1, except that 20 g of the aqueous 
solution of PVA were replaced by 20 g of glycerin. 



Comparative Example 3 

A sample was prepared by repeating the process of Example 1 , except that the mixing of 20 g of the 
aqueous solution of PVA with silicone rubber was replaced by direct mixing of 20 g of the powder of the 
same PVA as used in Example I with silicone rubber. 



20 



Comparative Example 4 



A sample was prepared by repeating the process of Example 1 except for the elimination of the use of 
the aqueous solution of PVA, the increase of the amount of the silicone jubber to 100 g, and the change of 
25 the amount of catalyst M to 0.6 g. 

The samples obtained in the above Examples 1 and 2 and Comparative Examples 1-4 were subjected 
to the measurements of the drug release percentage, tensile strength, elongation and the volume increase 
percentage using the procedures described below. 



Drug releasing percentage 

A sample, cut to a size of 140 mm x 13 mm (width), is roiled and placed in an Erlenmeyer flask. Then, 
after 35 g of water are added, the flask is stopped and its content is stirred with a magnetic stirrer for 24 

35 hours to release the drug. Later, the sample is removed out of the water. If the solution left is too turbid, it is 
filtered. The obtained aqueous solution is then used as the drug-released sample. 

Next, the drug released sample is compared with a calibration curve prepared with the filters of a 
photoelectric colorimeter. If the linear region of the calibration curve is applicable to the drug released 
sample, the sample is directly subjected to the measurement of the transmittance of light, if not. the sample 

40 is diluted until applicable. The sample thus obtained is subjected to the measurement of the transmittance 
of light. From the transmittance the absorbance is calculated. From the absorbance. the solution concentra- 
tion of the drug released sample and the amount of the released drug are calculated. 
Light transmittance (t) = l/lo 
Light absorbance (A) = log lo/l 

45 (where lo is the intensity of the incident light and I is the intensity of the transmitted light) 



Tensile strength and elongation 

so Tensile strength and elongation of the sample material are measured according to section 3 of JIS 
K6301 (Physical Testing Methods on Vulcanized Rubbers). The shape of the test piece from thrsample 
should be the dumbbell shape No. 2 specified in JIS K6301, 3.2.1. 



55 Volume increase percent 



The sample after the drug release is subjected to the measurement of the volume. From the volume 
values before and after the drug release, the volume increase percentage is calculated. 
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The results of these measurements are shown in Table I. 
Example 3 



A sample was prepared by the same process as that of Example 1 except for the ' changes of the 
amolroTsLne rubber from 80 g to 70 g. the amount of aqueous solution of PVA from 20 g to 30 g. and 

the amount of catalyst M from 0.5g to 0.45 g. 



70 



Example 4 



A sample was prepared by the same process as that of Example 1 except «* *?*^ to %J" 
amount of silicone rubber from 80 g to 50 g, the amount of the aqueous solut.on of PVA from 20 g to 50 g 
js and the amount of catalyst M from 0.5 g to 0.3 g. , * a H nl n «i m <!a 

The samples obtained in Examples 3 and 4 were subjected to the calculate of the drug release 
percent by the method described previously. The results are shown in Table .« together w.th those of 
Example 1 and Comparative Example 4. 

20 

Examples 5-6 and Comparative Examples 5-6 

Samples were prepared by the same process as that of Example 1 except that the formulas shown*. 
Tabled were used L silicone rubber elastomer used in Example 1 was used in thes e ^amPles^The 
2S Iqueous solution of PVA with a moisture content of 85% was used. Pyridoxine hydroch.onde was used as 

^ nise^mX.Tyridoxine hydrochloride was determined by the method for determining pyridoxine 
hydocNodde injection 'solution (Japanese Pharmacopoeia. Vitamin B6 injection 

Joceeds as follows From the drug-released sample obtained by the prev.ously descnbed drug release 

™ ^rceSa ^SS^ent method, a volume corresponding to about 0.02 g of pyridoxine hydrochloride .s 
fak^^ ^ded to the sample to make up 100 mL. Next 25 mL of th.s solution 

to token water is added another time to make up to 200 mL of a sample solution Separately the 
standid Sridoxte hydrochloride is dried in a desiccator for 4 hours. Then about 0.1 
pyridoxine hydrochloride is precisely measured, and water is added to make up to ^~ m, "^*£S)S 

3S mV of this solution by measuring, water is added another time to make up to 200 mL. The resultant solut.cn 
£ re^id ^ Testandard solution. Now, 2.0 m, of barbital buffer. 9.0 mL of isopropano. and | *0 -ml of*, 
ethano. solution of 2.6dibromoquinonechiorimide are added to 1 ml of the sample ^^^S^Z 
is thoroughly shaken. Then isopropano! is added another time to make up to 25 mL. After th.s solution is 
lefl ^tSg for 90 minutes, it is subjected to the measurement of absorbance Ar at a wavelength o M*0 

40 nm urira as control the solution obtained by the same process as described above excepting that 1 ml of 
wTter is Zc ^Tn place of the sample solution. Separately. 1 ml of the standard solution .s aken by 
:2 u Lent and'after it had aiso undergone the same process as described above the , resurtant solution 
is subjected to the measurement of absorbance As. The amount of pyr.dox.ne hydrochlor.de. M (mg) .s 
calculated from the equation shown below. 

as M (mg) = Amount (mg) of standard pyridoxine hydrochloride x Ar/As x 1/5 

With the samples obtained in Examples 5 and 6 and Comparative Example 5 and 6. the drug release 
percentages were calculated by the method described above. The results are shown .n Table IV. 

so Examples 7-9 and Comparative Example 7 

Samples were prepared by the same process as that of Example 1 except that the 
Table V were used In these examples, the silicone rubber used was the same s.l.cone rubber elastomer 
used in Example 1; the aqueous solution used had a moisture content of 0.85%; and the drug used was 
55 pfloca^ineTdrochloride. With the samples obtained in Examples 7-9 and Comparative Example 7 the 
Crease Percentages were calculated by using the previously described method. The results are shown 
in Table VI. 
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Example 10 and Comparative Example 8 

Vll 2"2£; by , th9 Pr0CeS$ ° f ExamP ' e 1 6XCept for the use of the formu,a sh ° w " in Table 

VI . In these examples, the s.l.cone rubber was the same as the one used in Example V the aaueous 
solution of PVA was 85%, and the drug used was quinidine sulfate example . the aqueous 

of drI h Q ^?L° r ? a T ed ^ EXamP ! S 10 ^ Com P arative Exam P' e 8 were subjected to the measurement 
of drug release percentage. The results are shown in Table VIII 

r(aI Jl a ? diti0 "- J 6 Sa T' e ! i 0btained in Exam P |es 1 3 and Comparative Example 4. cumulative 
release (in mg) was observed with time. The results are shown in Table IX. 

Table I. 



15 



20 



25 





Drug 
release 
{%) 


Tensile 
strength 
(kg/cm 2 ) 


Elongation 
(%) 


Volume 
increase (%) 


Example 1 


5.2 


17.5 


180 


0 


Example 2 


8.6 


18.0 


190 


0 


Comparative Example 1 


4.1 


9.3 


150 


+ 35 


Comparative Example 2 


9.4 


4.9 


430 


+ 135 


Comparative Example 3 


3.5 


10.2 


140 


+ 10 


Comparative Example 4 


1.7 


24.3 


180 


0 



Table II. 





Amount of 
hydrous PVA 


Drug release 
percentage 


Example 1 


20 wt % 


5.2 


Example 3 


30 wt % 


15.9 


Example 4 


50 wt % 


44.7 


Comparative Example 4 




1.7 



Table III. 





Example 


Comparative Example 


5 


6 


5 


6 


Silicone Rubber 


80g 


70g 


100g 


80g 


Aqueous Solution of PVA 


20g 


30g 






Drug 


200mg 


200mg 


200mg 


200mg 


Catalyst M 


0.5g 


0.45g 


0.6g 


0.5g 


Lactose 








20g 



8 
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Table IV 





Pyridoxine Hydrochloride 
Release Percentage 


Example 5 


11.6 


Example 6 


20.2 


Comparative Example 5 


4.5 


Comparative Example 6 


6.6 



Table V. 





Example 


Comparative 
Example 


7 


8 


9 


7 


Silicone Rubber 


80g 


70g 


50g 


I00g 


Aqueous Solution of PVA 


20g 


30g 


50g 




Drug 


2g 


2g 


2g 


2g 


Catalyst M 


0.5g 


0.45g 


0:3g 


0.6g 



Table VI. 





Pilocarpine Hydroxide 
Release Percentage 


Example 7 
Example 8 
Example 9 
I Comparative Example 7 


19.0 
51.7 
91.8 
7.6 



Table VII. 





Example 
10 


Comparative 
Example 8 


Silicone Rubber 


70g 


100g 


Aqueous Solution of PVA 


30g 




Drug 


10g 


10g 


Catalyst M 


0.45g 


0.6g 
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Table VIII. 



10 





Quinidine 
Hydrochloride 
(%) 


Example 10 


35.0 


Comparative Example 8 


2.8 



Table IX. 



Time 
(hr) 


Example 1 


Example 3 


Comparative 
Example 4 


0.5 


0.090 


0.075 


0.045 


1 


0.096 


0.088 


0.048 


2 


0.109 


0.105 


0.052 


4 


0.124 


0.131 


0.056 


6 


0.136 


0.157 


0.062 


12 


0.199 


0.222 


0.061 


24 


0.220 


0.316 


0.072 



30 



Claims 



1. A method for the manufacture of drug-permeable materials from a mixture of a curable silicone 
35 rubber and water-containing polyvinyl alcohol and at least one drug comprising 

(A) curing the silicone rubber component of said mixture and 

(B) subjecting the mixture to a iow-temperature treatment at a temperature below -5'C to cause 
gelation of said water-containing polyvinyl alcohol. 

4Q 2. A method according to Claim 1 wherein said drug is a hydrophilic drug 

i M .t 3 ;nn^ et H° d f C ° rdin ? t0 C,aim 1 Wher6in Said P0lyvinyi a,coho1 has a de 9 ree of Polymerization of at 
least 1000 and a degree of saponification of at least 95 mole per cent. 

™„t 4 " t A # m f ho + d ^ ccordin 9 to Claim 3 wherein said water-containing polyvinyl alcohol gel has a water 
content of about 70 per cent to 95 percent by weight. 

45 t . 5 ;. A meth ° d acCording to c,aim 4 wherein said si "cone component is cured by a curing agent selected 
from the group consisting of platinum compounds, tin compounds and carboxylic acid metal salts 

6 . A method according to Claim 5 wherein said polyvinyl alcohol hydrogel constitutes from 5 to 50 per 
cent by weight of said mixture. H 
7 A drug delivery matrix prepared in accordance with the method of Claim 1. 
5Q 8. A drug delivery device prepared in accordance with the method of Claim 7. 



55 
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